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Supplemental S 1: Model fitting for the over-dispersion parameter φ. For graphs A, B and C, the red lines
show the 99% confidence interval after fitting a binomial distribution to the data. For A, B and C, the blue
lines show different versions of the beta-binomial model. In A, a single value of φ is used to fit the read
count data. In graph B, three different values of φ are used depending on read depth. In graph C, the same
three values are used but a linear interpolation is used to obtain continous values of φ across the full range
of read depth.

Estimation for the over-dispersion parameter φ
We observed that while a standard beta-binomial distribution improved greatly the fit to the data, the esti-
mated value of the over-dispersion φ should be different across different ranges of read depth. We therefore
divided the exon data in discrete bins, and in the same estimation procedure different values of φ were
estimated for each bin. An example of this model fitting is shown in Figure S1.

Design of the CGH array to map the GATA2 deletion
To validate and refine the breakpoints of the deletion in the GATA2 region we used a custom designed
Agilent 15K comparative genomic hybridization array. DNA samples were sent to and processed by Oxford
Gene Technology. The array included approximately equally spaced probes, 26 probes in a 24 kb region
(chr3:128,180,104-128,204,118) defined around the GATA2 gene (on average one probe every 0.92 kb).

Sequencing of the GATA2 and DOCK8 breakpoints
To PCR the regions containing novel deletions we used the following primers: for GATA2
5cagcactcatgacagcacct3 and 5tctctttcccgaatcccttt3;
for DOCK8
5AATGTCCCAAGGAACACCTG3 and 5AGATTGGGCAAATCAGATCG3; We then used Sanger sequenc-
ing with multiple internal primers to identify the exact location of breakpoints.

Details on clinical symptoms for patients P1 (GATA2) and P2 (DOCK8)
Patient P1 is a female of the Arabic descent who presented with fever at the age of 23 years. Mycobacterium
avium intracellulare has been isolated from her bronchoalveolar lavage fluid and lymph node biopsy material.
Monocytopenia, B and NK cell deficiency have been found in the peripheral blood and myelodysplastic
syndrome has been diagnosed on bone marrow examination. Karyotype analysis revealed monosomy 7
mosaicism in the patients blood cells. One of the patients eleven siblings has been also diagnosed with
myelodysplastic syndrome and then developed acute myeloid leukemia and another sibling died at the age
of 7 months due to an unknown cause. Recently, heterozygous mutations of the GATA2 gene have been
reported in several clinically related conditions. These include sporadic monocytopenia and mycobacterial
infection (MonoMAC) syndrome (Hsu et al., 2011), an immunodeficiency syndrome characterised by the loss
of dendritic cells, monocytes, B and NK cells (DCML deficiency) Dickinson et al. (2011), myelodysplastic
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Supplemental S 2: Expected value of the posterior probability for a single exon heterozygous duplication (A,
B, C and D) and a three-exon heterozygous duplication (E, F, G and H). For B, C, D and F, G, H, the black
line refers to an optimum dataset in the absence of sample-to-sample technical variability (Rs = 1), red to
the typical dispersion parameter estimated from Dataset 1 (Rs = 1.6) and blue for the typical dispersion
parameter estimated from Dataset 2 (Rs = 2.5).
A, E: Expected value of the posterior probability (averaged over all exons) for the 15 exomes in Dataset 1
as a function of the depth of the reference sequence. Each line represents one exome sample and each cross
a different choice for the reference sample.
B, F: The expected number of reads that would be mapping to a normal copy number exon varies (x axis)
but the (reference:test) sequencing depth remains constant at 10. Other parameters, including the level of
correlations between test and reference exome, are kept constant. Power estimates assume a typical exome
from Dataset 1 and 2 (selected based on median value of the posterior).
C, D, G, H: The (reference:test) sequencing depth ratio varies (x-axis) but the expected number of reads
mapping to a normal copy number exon for the test sample is set to 100 (C, G) and 200 (D, H).

syndrome and acute myeloid leukemia (Hahn et al., 2011), and the Emberger syndrome Ostergaard et al.
(2011). Many of the reported patients have mutations that affected zinc finger 2 domain encoded by exons 6
and 7 of the GATA2 gene Hyde and Liu (2011). Given these similarities in clinical presentation and genetic
defect, we concluded that the disease in patient P1 has been caused by a heterozygous deletion in the GATA2
gene.

Patient P2 was born to consanguineous parents and suffered from infantile eczema with varicella-associated
flare, cows milk protein intolerance, lymphadenitis in the second year of life, two episodes of Streptococ-
cus pneumoniae septicaemia (one associated with septic arthritis) and chronic carriage of non-typhoidal
salmonella. Laboratory evaluation showed elevated IgE, intermittent lymphopenia and pronounced eosinophilia.
Homozygous mutations in the DOCK8 gene have been reported in patients that suffered from recurrent
infections, such as streptococcal pneumonia and cutaneous infections caused by herpesviruses, including
varicella-zoster virus. Most of the reported patients had severe atopy, increased IgE levels and eosinophilia
(Zhang et al., 2009; Engelhardt et al., 2009). These similarities in clinical presentation and genetic mutations
indicate that homozygous deletion of exon 8 in the DOCK8 gene is causative in patient P2.
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C− Dataset 2

Supplemental S 3: A-Average number of CNVs per sample (black crosses: overall, red circles: absent from
the Database of Genomic Variants) as a function of the expected number of calls under the prior distribution.
B- Dataset 1: Number of deletions (x-axis) and duplications (y-axis) assuming a prior expected number of
CNV calls of 20. Each point corresponds to one exome sample (black crosses: total CNV number, red circles:
CNVs absent from the Database of Genomic Variants).
C: Same as B but for Dataset 2.
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Supplemental S 4: Venn diagrams describing the overlap between the three calling algorithms tested in this
study (ExomeDepth, exomeCopy and ExomeCNV) for dataset 1 (left) and dataset 2 (right). We considered
either all calls (top row) or only CNV calls that include 7 or more exons (bottom row). A call was defined
as shared if the reciprocal overlap between CNV calls was at least 25% of the overall length of each call.

6



0.
0

0.
5

1.
0

1.
5

NA

R
ea

d 
co

un
t r

at
io

 o
bs

er
ve

d/
ex

pe
ct

ed

+ +

+

+
+++ +

+

+

+

+
+
+

+

++

+

+

+

+

+

++ +

+
+

+

+

+

++

++

+

+++ +
+
+

+
+
++

++
+

+

+

+
+

+

+

+

+

+ +

+

Position (hg19)

200000 300000 400000 500000

CBWD1

DOCK8

          A

Supplemental S 5: A: Homozygous deletion of exon 8 of the DOCK8 gene identified by ExomeDepth in the
exome sequence data. The red crosses show the ratio of observed/expected number of reads for the test
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absence of CNV call. The CNV call has a posterior probability of greater than 99.99%. B: Sequencing of the
deletion breakpoints identified the exact boundaries of a 3,197-bp deletion overlapping exon 8 of the DOCK8
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deleted region is replaced by six nucleotides, GGCCTC.
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